One hundred and fifty pink-pigmented facultatively methylotrophic bacteria (PPFMs) of the 'Pseudomonas extorquens' type, 28 other facultative methylotrophs and 16 non-methylotrophic marker strains of the genera Pseudomonas, A lcaligenes, Mycoplana and Microcyclus were compared in a numerical phenetic study using 140 unit characters. Data were analysed using the simple matching (SsM) and Jaccard (S,) coefficients and single, complete and average linkage algorithms. Cluster composition was largely the same with each similarity coefficient and linkage method. Four major and seven minor clusters ,containing 187 of the 194 strains were defined above the 80% similarity level. The non-pink methylotrophs were recovered in two major, four minor and two single-membered clusters. One of the major clusters could be equated with Microcyclus aquaticus but strains in the other were not identified. Strains in two of the minor clusters were identified as Pseudomonas species but members of the other two minor and one of the single-strain clusters were not positively identified. They had pseudomonad properties but were not closely associated with any marker strains. The other single-membered methylotroph cluster was thought to be a cytophaga or flexibacter. The remaining minor and single-membered clusters contained only marker strains. All the PPFMs were recovered in the two remaining major clusters which were closely related to each other but not to the rest of the organisms studied. The generic assignment of the PPFMs is discussed and the suggestion is made that the genus Methylobacterium may be the most appropriate place for them, despite their apparentinability to utilize methane.
Taxonomy of rnethylotrophs
29b, 23A1'33WH NCIB I1346 (strain 5BI) Colby & Zatman (1973) Mlb, M5 CollectionIStrain no.
NCIB 10597-10604, 10606-106 12 190Bj, 381B, 385B, AM1 var. 471 GBe, CS5 1,82A B46' 109d, 111,212,216,218,270, 339,390,393,463,466,47 1 B014", B015, B016, B017, B018, B019, B020, B021, B022. B023, B024, B025, B026, B040, B041 2", 9,20,39,82, 83,205,285,449, 453,456,465, 509, 530,539,691, k 706, 7 11,7 12, 724, 789, N-3, N-4, N-5, N-6, N-7, N-8, N-9, N-10, N-ll,N-12 044O, 115,269 35", 37, 45, 58, 317, 420, 434, 437, 470, 488, 532, 617, 670, 679, 696, 767, 781, 787, 788 Similarities between strains were calculated using both the simple matching (Ss,,,; Sokal & Michener, 1958 ) and the Jaccard (SJ; Sneath, 1957) coefficients which include and exclude negative matches, respectively. Clustering was achieved using single, complete and unweighted average (UPGMA) linkage algorithms (Sneath & Sokal, 19 74 , 1968 ). Shaken G P broth cultures (4 d, 25 "C) were used for the molecular size determinations and G P plate cultures (7 d, 25 "C) were used for the enzyme inhibition tests. The same strains were also kindly tested by Professor P. D. J. Weitzman who found identical results.
R E S U L T S
Clustering of strains using the S , coeflcient and the UPGMA algorithm
In the S,,/UPGMA analysis, 187 of the 194 strains were recovered in four major (8 to 103 strains) and seven minor (2 to 5 strains) clusters ( Fig. 1; Table 1 ). The other analyses yielded clustering patterns essentially the same except that clusters were formed at lower (about 10%) similarity levels in the S , analyses, minor clusters 6 and 8 merged in both single linkage runs, and two outlying strains (B46 and Pseudomonas rhodos NCIB 9421) of cluster 10 moved to cluster 1 1 in the SdUPGMA analysis.
Cluster 1 contained three strains received as Pseudomonas spp. and five unnamed strains; 2 contained the two marker strains of Mycoplana, M . dimorpha NCIB 9439 and M . bullata NCIB 9440; 3 contained all seven Microcyclus strains and one unnamed ring-forming organism; 4 contained four unnamed strains; 5 contained two unnamed strains; 6 contained two strains received as Pseudomonas spp. and the marker strains Ps. putida NCIB 9494 and Characterization of strains The 13 characters common to all strains were excluded from the data matrix since they had no discriminating value. Thus, all strains were catalase-positive, MR-and VP-negative, non-cellulolytic, resistant to penicillin and bacitracin, did not produce indole or H,S and did not utilize thiourea, tetramethylurea, methane, hexane or benzene as sole carbon sources. The distribution of the remaining characters to the 1 1 clusters is shown in Table 2 . The main features of clusters are described below and characters which differentiate between them are given in Table 3 . Major clusters Cluster I . All strains were Gram-negative, occasionally branched rods, 1-3 pm long, having one or more polar flagella; some also had single sub-polar or lateral flagella. Colonies were off-white, mostly <1 mm in diameter. Strains grew at 5 OC and 30 "C and at initial pH 10 and 5 but not at 37 " C or at initial pH 4. There was growth but no indicator change in the OF medium. All strains grew in the presence of KCN, were oxidase-positive and hydrolysed urea but were unreactive in other hydrolysis tests. All strains were methylotrophic and utilized as sole carbon source methylamine, trimethylamine and trimethylamine N-oxide but not formate or methanol. Various mono-and disaccharides and sugar alcohols, arginine, alanine, valine, glycine, proline, lactate, acetate, propionate, pyruvate, glucosamine, dimethylglycine and betaine were also utilized. Growth factors were not required. The DNA base composition of strains was in the range 60-8-64-7% GC.
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Cluster 3. All strains were Gram-negative, non-motile rods, 1-3 pm long, often curved or horseshoe-shaped and sometimes forming complete rings. Colonies were white or off-white, < 1 mm in diameter. Strains grew at 5 " C , 37 OC and with one exception at initial pH 10, but not at 1 O C , 45 "C or at initial pH 5. There was growth but no indicator change in the OF medium. All strains were oxidase-and P-galactosidase-positive and all but one grew in the presence of KCN and hydrolysed urea. All were unreactive in other hydrolysis tests. All strains were methylotrophic and grew with methanol and formate (weakly) as sole carbon source. Various monosaccharides and sugar alcohols (but not disaccharides), alanine, proline, glutamate, 2-oxoglutarate, pyruvate, acetate, lactate, ethanol, propylene glycol, 2,3-butylene glycol, ethylamine, ethanolamine, dimethylglycine and betaine were also utilized. All strains required biotin for growth. The DNA base composition of representative strains is in the range 67.1-68-8 % GC (Kanopka et al., 1976) . Cluster 10. All strains were rods, 1-8 pm long, occasionally branched and pleomorphic (Fig. 2 a) , often containing much sudanophilic material (Fig. 2 b) and sometimes volutin granules. The Gram reaction here and in members of cluster 11 was uncertain but the multilayered cell wall structure and the type of citrate synthase present (Weitzman & Jones, 1968) in representative strains of both clusters were typical of Gram-negative bacteria. Cells were motile (sometimes feebly), usually by polar or sub-polar flagella, but single lateral flagella were occasionally seen. Growth on nutrient agar was slow and colonies on GP agar were pale pink to bright orange-red, < 1-3 mm in diameter. Almost all strains grew at 15 " C and 37 "C and at initial pH 5 and 9. There was growth but no acid production (some strains gave an alkaline reaction) in the OF medium, and no growth in the presence of KCN. Strains
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were oxidase-positive and hydrolysed urea, but almost all were unreactive in other hydrolysis tests. All strains were methylotrophic and utilized methanol, formate and, with a single exception, methylamine as sole carbon sources. Malonate, succinate, fumarate, 2-oxoglutarate, lactate, rnalate, acetate, pyruvate, ethanol, propylene glycol and ethylamine were also utilized by almost all strains. Carbohydrates and amino acids were generally not utilized, except for glycerol (utilized by all strains) and fructose (utilized by 74% of strains). Growth factors were not required. The DNA base composition of representative strains was in the range 60-5-67-3 % GC.
Cluster I I . Strains were morphologically and, in many respects, physiologically and biochemically very like those of cluster 10. However, they were nutritionally more versatile and, in addition to the substrates utilized by members of cluster 10, most could utilize several monosaccharides (but not disaccharides), aspartate, glutamate, citrate, citraconate and saccharic acid. Work done since the numerical analysis was completed (unpublished results) has shown that the organisms in this cluster, but not those in cluster 10, could also utilize suberate, pirnelate, azeleate and adipate as sole carbon sources. Growth factors were not required and the DNA base composition of representative strains was in the range 64.2-704 % GC.
Minor clusters
Little weight can be given to the distribution of characters to clusters containing very few strains. However, since clusters 4, 5, 6 and 9 included facultatively rnethylotrophic strains, they are considered further. (Clusters 2, 7 and 8 contained only non-methylotrophic marker strains.)
All strains in clusters 4, 5, 6 and 9 were Gram-negative, unbranched, motile (with one exception) rods, 1-3 prn long. Flagellation was single or multiple polar (clusters 4, 5 and 6) or peritrichous (two strains in cluster 9). Strains in clusters 5 and 9 had sudanophilic inclusions. Colonies were white or off-white, up to 3 mrn in diameter, and strains in cluster 6 (which included Ps. aeruginosa NCIB 8295 and Ps. putida NCIB 9494) produced green fluorescent diffusible pigments. Members of cluster 6 were also oxidative in the OF test whereas those of other clusters gave either an alkaline or no reaction. All strains were oxidase-positive and most hydrolysed urea. Strains in cluster 5 produced ,8-galactosidase and hydrolysed Tweens and Ps. aeruginosa (cluster 6 ) was proteolytic, but otherwise strains were unreactive in degradation tests. Strains in all clusters were nutritionally versatile utilizing a wide range of compounds as sole carbon sources, although only the strains of clusters 4 and 5 utilized a range of carbohydrates. All strains in clusters 4 and 5 were rnethylotrophic, utilizing (cluster 4) formate, methylamine, trimethylamine N-oxide, trimethylamine and methanol (one strain), and (cluster 5 ) trimethylamine and trimethylamine N-oxide. Cluster 6 included two rnethylotrophic strains utilizing methanol and formate, and cluster 9 contained two utilizing formate and one trimethylamine.
D I S C U S S I O N
The dendrograrn in Fig. 1 is divided into two distinct parts; one comprises all PPFMs and the other contains the rest of the organisms included in this study. Therefore the pink and non-pink methylotrophs will be discussed separately.
Non-pink-pigmented facultative methylotrophs
Several of the strains examined here have been assigned previously to the genus Pseudomonas but it seems likely that only some of them (all recovered in minor clusters) belong there. The two fluorescent strains in cluster 6 [42(2) and 42(3)1 almost certainly are strains of Ps. putida, and strain 5 A l in cluster 9 can be identified as Ps. acidovorans. However, cluster 9 also contains 'Pseudomonas oxalaticus ' (Khambata & Bhat, 1953) and strain l B l S which are peritrichously flagellate (and thus, by definition, excluded from the Taxonomy of methylotrophs 635 genus Pseudomonas) suggesting that they belong to the genus Alcaligenes (Hendrie et al., 1974) , although they did not cluster with the type strain of Alcaligenes faecalis (NCIB 8 156) .
The two strains in cluster 5 (M1 and M5) and three in cluster 4 [5B1 (Colby & Zatman, 1973) , 23A1 and 33WHl appear to be pseudomonads, but they are not associated with any of the marker strains and do not fit any described species of Pseudomonas. The remaining strain in cluster 4 (29) is a non-motile Moraxella-like organism (Lautrop, 1974) .
The single strain Pseudomonas MOX (Chandra & Shethna, 1975) again has pseudomonad properties but cannot be identified with any particular species. The remaining single methylotrophic strain (6A l), unlike all the other organisms studied here, shows gliding motility and probably belongs to the CytophagalFlexibacter group.
The strains in the first of the major clusters (cluster 1) are difficult to classify. Although some have been called Pseudomonas species (Wagner, 1964; Shaw et al., 1966; Colby & Zatman, 1973) , morphologically they are much more like the two Mycoplana marker strains of cluster 2 in that cultures commonly contain branching cells. However, the two clusters are not closely associated and the identity of the cluster 1 strains remains uncertain.
In contrast, there is little doubt that all the members of cluster 3 can be considered to be strains of Microcyclus aquaticus. Our results strongly support the opinions of van Ert & Staley (1971) and Kanopka et al. (1976) that strains H, W, ATCC 27068, ATCC 27069 and the type strain of Mi. aquaticus (NCMB 1801, ATCC 25396) are sufficiently alike to be assigned to the same species. By the same token, there seems little justification for regarding the industrial organisms 'Mi. eburneus' (Kouno & Ozaki, 1975) and 'Mi. polymorphum' (neither name is validly published) as species separate from Mi. aquaticus.
Pin k-pigmented facultative methylotrophs
Major clusters 10 and 11 comprise all the PPFMs included in this study. The close association of the two clusters (about 77 % similarity) supports previously expressed views that the PPFMs are a group of phenotypically similar organisms belonging to the same genus (Peel & Quayle, 1961; Quayle, 1961 Quayle, , 1972 Stocks & McCleskey, 1964; Anthony & Zatman, 1964; Kouno & Ozaki, 1975) . The phenotypic data also indicate that clusters 10 and 11 might represent two species but the spread of GC values (6-7 %) in each suggests that to regard them as such would be premature. In addition, recent DNA-DNA hybridization studies (Hanson, 1980 ) have shown a fairly low level of homology between Methylobacterium organophilum and Pseudomonas AM1, both of which are in our cluster 10. Therefore, at present, we simply note that cluster 10 includes several of the strains considered by Stocks & McCleskey (1964) to belong to the same species and that cluster 11 largely conforms to the description of Ps. rnesophilica (Austin & Goodfellow, 1979) and contains the type strain of that species.
The generic placement of the PPFMs is beset with problems, as was recognized by Kouno & Ozaki (1975) . The strains in clusters 10 and 11 bear a confusing variety of generic labels (Table 1) but at least two are clearly not applicable. Stocks & McCleskey (1964) and Quayle (1972) expressed reservations about assigning the PPFMs to the genus Vibrio, the present definition of which (Shewan & Vkron, 1974) excludes such strictly aerobic organisms. Similarly, the properties (apart from cellular pleomorphism) of strains allocated to Corynebacterium (Graf & Bauer, 1973 ; see also below) are not consistent with current ideas about the circumscription of this genus (see, for example, Keddie & Bousfield, 1980). Many PPFMs appear to have some characteristics of the genus Pseudomonas and are often assigned there (see Introduction for references). In the present study, however, the lack of association of clusters 10 and 11 with any of the pseudomonads sensu Doudoroff & Palleroni (1974) included suggests that such a classification may not be appropriate. Furthermore, close examination shows that the PPFMs have properties at variance with the present definition of Pseudomonas (Doudoroff & Palleroni, 19 74) . Thus, the Gram reaction is often equivocal, flagellation is not always polar and the cellular size, pleomorphism and (Fig. 2a) . In fact, these features led Graf & Bauer (1973) to propose a new species of Corynebacterium, 'C. rubrum', to accommodate red organisms they had isolated from tapwater. A representative strain of 'C. rubrum' included here was a typical PPFM, recovered in cluster 10. [Graf & Bauer used the name 'C. rubrum' illegitimately, since it had already been applied legitimately (Crowle, 1962) but incorrectly (Goodfellow & Alderson, 1977) Breed et al., 1957) examined in the present study are quite unlike the Gram-positive, white or yellow-pigmented, non-motile strains of 'Pr. alboflavus', the type species of 'Protaminobacter' (Leadbetter, 19 74; NC IB unpublished records) . In addition, the taxonomic soundness of the genus 'Protaminobacter' is questionable (Leadbetter, 19 74) . However, our results suggest that despite morphological similarities, the PPFMs are not closely related to the type species of MycopZana, My. dimorpha (the type strain, NCIB 9439, was recovered in cluster 2), and that therefore their allocation to this genus also would be inappropriate.
The first Gram-negative facultative methylotrophs shown to utilize methane were isolated by Patt et al. (1974) , and a new genus, Methylobacterium, was subsequently proposed to accommodate them (Patt et al., 1976) . The genus contained one species, Me. organophilum, and both the generic and specific descriptions were based on the properties of the single pink-pigmented strain (NCIB 1 1278) recovered here in cluster 10. Similarities between this strain and other PPFMs were mentioned, but no direct comparison was reported. [However, more recent work has indicated that this strain is more closely related to the PPFMs than to other methylotrophs (Hanson, 1980) .1 The ability to utilize methane was regarded as sufficient to warrant the allocation of the strain to a new genus, the definition of which excluded methane non-utilizing (and thus almost all) PPFMs. Nevertheless, our results suggest there is little to distinguish Me. organophilum from many other PPFMs, apart from the ability to utilize methane. Even this property may be plasmid-borne in Me. organophilum and is easily lost (R. S . Hanson, personal communication; Hanson, 1980) ; for instance, our cultures of Me. organophilum no longer appear able to grow on methane. Thus, the use of facultative methanotrophy per se as a primary taxonomic criterion and especially as a major generic determinant should be viewed with caution. In our opinion this, together with the high level of similarity (> 95 % in some cases) of Me. organophilum NCIB 11278 to the other strains in cluster 10 makes the argument that this one strain belongs to a different genus difficult to uphold.
While Me. organophilum appears to be very similar to the other PPFMs, the relationship between the latter and two more recently described monotypic species, 'Me. ethanolicurn' and 'Me. hypolimneticum' (Lynch et al., 1980) , is not clear. These two species were placed in Methylobacterium on the basis of their facultative methanotrophy but were considered sufficiently different from Me. organophilum and from each other to merit individual species status. We have not yet had the opportunity to examine cultures of these non-pink organisms, but a comparison between them, the PPFMs and other methylotrophs undoubtedly would be taxonomically useful. There is a need to establish if facultative methanotrophy in Gram-negative bacteria is indeed restricted to closely related organisms or if, like facultative methylotrophy, it can be found in taxonomically diverse groups.
